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Abstract 
Companies are faced with the task of responding to turbulent changes in customer demand in a flexible and timely manner. To meet the recent 
requirements, an adequate configuration of production systems in terms of an increasing agility of several elements of a production system or 
the entire system is imperative. In contrast, organizationally robust processes, which are aimed at avoidance or reduction of any kind of 
dissipation, are increasingly in the focus of operational actors. This includes the creation of standards for the information and material flow 
processes. Furthermore, the concept of resilience combines both agility and robustness and represents the ability of a system to cope with 
change effectively. This paper illustrates the relevance of production planning and control as regards the implementation of resilience in an 
organizational context. Against this backdrop, a functional map of the interactions of the individual tasks enables a systematic analysis of 
potentials as well as causes of dissipation. Moreover, socio-technical aspects in terms of the identification of hierarchically structured roles 
within production planning and control are considered.  
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1. Introduction 
In recent years, the trend towards increased flexibility and 
changeability of specific elements of factory operation can be 
observed. Various influencing factors work on an existing 
production system. Accordingly, their impact is currently 
represented mainly by the effort of increased agility. This 
concept includes increased responsiveness to changing 
environmental conditions (customer demand, pricing 
pressures, and supplier development). Consequently, an 
anticipation and adaptation to the turbulence of the 
environment is imperative. However, the ideal measures to 
meet these requirements are discussed in literature intensively 
as regards resilience [1]. Resilience serves as means in order 
to cope with turbulence [2, 3]. However, its impact and effects 
require thorough empirical evidence. 
Besides a customer focus within modern production 
systems, it is aimed at avoiding or at least reduction of 
dissipation. To meet the requirement of variety management 
in manufacturing and to overcome the consequent issues, 
various efforts are made within the scope of production 
planning and control. Particularly production control aims for 
ensuring reliable and robust production processes in spite of 
turbulent environmental influences in order to respond rapidly 
to changes and to realize the achievement of production 
targets. However, an accurate execution of control principles 
often fails due to a lack of understanding of the 
interdependencies and effects [4]. 
Therefore, this paper introduces an approach providing a 
framework for analysing the interactions of the individual 
tasks of production planning and control, so that the 
operational users recognise the need for intervention and take 
appropriate measures in this regard. Thus, the approach 
additionally intends to reveal in particular the interaction 
between external environmental conditions and organizational 
aspects of production systems in the context of ensuring a 
reliable operation of organizational processes. For this 
purpose, a hierarchical pattern is deduced to specify the roles 
and the corresponding tasks of production planning and 
control. 
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The focus of the following approach is the optimization of 
the transformation process and the avoidance of operational 
and organizational errors. This implies improving process 
capability, increasing process linking and process reliability in 
terms of organizationally robust processes [5]. 
2. Definition of resilient manufacturing processes 
2.1. Robustness and agility in an organizational context 
Robustness is the property of a system to resist change or 
external influences without adapting its initial stable 
configuration and continuously provide a desired output [2]. 
Accordingly, a robust system is insensitive to disturbances of 
the system during its operation [6]. In general, robustness 
refers to a proactive strategy, which prevents supplier-related 
volatility from restricting the functionality of a supply chain 
[2] and thus production processes also. This concept implies 
the resistance to anticipated changes [3]. 
In addition to the robustness requirement, agility is an 
important property of modern manufacturing systems. The 
possibilities to design a robust system configuration are 
limited to ongoing internal and external changes. In this 
context, path dependency [7] is a crucial factor in terms of an 
appropriate determination of a specific flexibility level. Thus, 
agility enables reaction of severe disturbance that cannot be 
endured by the robustness of the manufacturing system. 
Identifying the correct manner and time of response to this 
kind of influence is crucial for the sustainability of 
production. If no structural interventions are necessary, the 
underlying robustness of the manufacturing system is 
sufficient. A borderline situation exists in case of imperative 
minor structural interventions. Investment-oriented or 
infrastructure-based measures exclusively meet agility 
requirements. 
The concept of speed is inherent to agility [2]. Agility 
refers to a quickly and adequate response to unexpected 
changes. Therefore, a perception of current changes is 
imperative for a fast reaction to perceived issues [3].  
2.2. Resilience in an organizational context 
Resilience is the ability of a system to cope with change 
[3]. Thus, it exhibits the capability of a system leading to 
success from failure on its own [6]. Consequently, resilience 
is akin to robustness that includes aspects of the reliability 
terminology as well. This fact results from an extending 
interpretation of the term reliability that initially was limited 
to technical systems or products. 
In this context, the resilience domain combines two 
dimensions: agility, which expresses reactive strategies, and 
robustness including proactive strategies [3]. The first one 
meets environmental changes with corresponding 
organization action by re-configuring operating states of a 
manufacturing system rapidly. The latter is based on 
forecasting and prevention. Thus, robust systems endure 
rather than respond to chances due to preservation of a stable 
system configuration. As a result, resilience implies self-
regulation and resistance to disturbances of a system. 
Accordingly, a hierarchical interpretation of the definitions of 
agility, robustness and resilience can be deduced (Figure 1). 
 
 
Fig. 1. Hierarchical terminology. 
In summary, operational and organizational robustness 
expresses the ability of a system obtaining its functionality 
even under fluctuating environmental conditions. With respect 
to the resilience definition, both aspects, robustness and 
agility, have to be considered in terms of a closed-loop control 
system regarding manufacturing systems. Figure 2 illustrates 
the relation between minor perturbations endured by the 
robustness of the system and grave disturbances that require a 
rapid re-configuration of the system based on its agility 
property. 
 
 
Fig. 2. Control system. 
In consideration of a specification of this control system, 
particular key figures characterizing the system´s behavior are 
crucial. This emphasizes the need for an insight of the 
conditions ensuring a target-oriented production. Procedures 
of intervention for every potential disturbance in terms of 
taking appropriate measures flexibly have to be defined. 
3. Resilience by the means of production control 
3.1. Influencing production systems by production control 
A major target for influencing production systems 
represents, in addition to production planning, the production 
control. Production planning produces an image of the desired 
target state by the generation of default values for 
manufacturing and assembly. Empirically, the target state will 
not occur due to uncertainties as well as organizational and 
operational disturbances. In this context, production control 
ensures compliance with the desired management objectives 
(lead time, capacity utilization, inventory, on-time delivery) 
by intervening in current production processes. Furthermore, 
inventory significantly determines lead time and utilization of 
the production system. The adherence to schedule results from 
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an existing backlog of production orders and changes in the 
original sequencing in respect of a schedule-oriented order 
release [8]. 
In consideration of the planning of the production program, 
quantitative planning, scheduling, and capacity levelling, 
results of the respective upstream planning level represent the 
input data for the next item. This is called cascaded loops [9]. 
Figure 3 illustrates a cascaded loop in production. For this 
purpose, the respective input and output variables of the 
individual viewing areas are represented and analysed in their 
dependency and interaction (cf. Section 4.2). 
Based on customer demand, production orders (quantities 
and dates) are generated and the batch size is set. 
Subsequently, a selection is released from the pool of applied 
orders according to certain criteria and passed to the 
production. If the released production orders are not caused by 
appointment only, simultaneously a sequence is determined. 
This implies the definition of certain prioritization rules. As a 
result, on the resource level the machine scheduling and a 
specific assignment of staff deployment emerge. Depending 
on the existing flexibility of the production system, a capacity 
levelling is required. Capacity balancing is conducted in order 
that it enables a timely order completion [10]. 
 
 
Fig. 3. Cascaded closed-loop production control. 
However, unforeseen dissipation in a production system 
necessarily means that its targets cannot be met. 
Consequently, intervention at an operational level in these 
cases is required to ensure compliance with deadlines and 
other objectives. The need to control will always occur: 
• when material leaves a considered production system, 
• when the flow of material is divided, 
• when material flows are merged and 
• when the operating speed is changed [11]. 
3.2. Interactions of the tasks of production control 
It is assumed that certain interactions between the various 
functional areas exist within production systems [12]. The 
production program specifies production with a certain profile 
in terms of intrinsic values, timing and quantity. The temporal 
and quantitative profile is aimed predominantly at the 
customer demand and determines the production type. In this 
context, economic aspects are taken into account within a 
suitable production principle. Additionally, the resulting 
process principle contains both the temporal and spatial 
organization of production processes. Based on the process 
principle, parameters can be defined for the cascading 
production control. These parameters determine the strategic 
direction of the control principle (pull or push logic). Thus, 
the definition of the control strategy emerges. 
In this context, the kind of order release, the sequence of 
production orders and the batch size are crucial parameters. 
The combination of these parameters enables specific control 
methods (e.g. kanban, load-dependent order release, etc.). 
According to the presented task groups, following strategies 
in the production control can be distinguished: 
• strategies for determining batch size, 
• strategies for resource allocation (selection and 
scheduling), 
• strategies for sequencing and 
• strategies for order release. 
 
A reasonable combination of the characteristics of the 
strategies is crucial. In this context, for employees both 
informal and formal degrees of freedom apply in exercising 
their functions. Due to different priorities in production order 
acceleration in the various departments, usually no 
overarching best practice exists. Moreover, bringing forward 
specific production orders always causes that other jobs are 
delayed. Thereby, delayed orders are at risk of becoming 
critical as regards deadlines. 
3.3. Deficits in production control 
In contrast to the deterministic effects assumed by existing 
approaches in terms of production control configuration, the 
influence of socio-technical aspects on the performance of 
control principles is nearly neglected (cf. [4]). In this context, 
various problems in the accurate implementation of control 
principles result from the diversity of choice, a lack of 
communication and a deficient comprehension of the effects 
of decisions. 
Therefore, degrees of freedom as a function of the applied 
control method, the specific task within the production control 
as well as in consideration of the respective groups of people 
(production planners, foremen, and workers) necessitate a 
clear definition in terms of the hierarchical structure of control 
processes. It is assumed that within production systems people 
adapt processes and its control. Regardless of the existing 
configuration of the production systems in terms of robustness 
and agility, all persons involved affect the level of its 
resilience. 
Production planners primarily control the flow of 
information as regards production program. Task of foremen 
is the organization of the production processes. Workers will 
perform the actual manufacturing techniques and processes. In 
this context, it is assumed that the formal rules of the 
production control in terms of their effectiveness are limited in 
multistage production systems. This entails other 
organizational rules for trapping occurring negative effects 
that cannot be confined by common control principles. 
Therefore, identifying an appropriate operating point 
regarding the balancing between the degree of freedom of the 
employees and the deterministic execution of control 
principles is imperative depending on internal and external 
factors of influence and disturbance. 
1 2 3 4 1 order generation 
2 order release
3 sequencing
4 capacity control
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4. Approach for resilient production systems 
4.1. Closed loop of the tasks of production control 
Production control serves to determine or rather anticipate 
derivations and to make the necessary adjustments 
accordingly. A proper balance between stability in terms of 
robust processes and dynamic adaption based on agility of the 
system can be realized by appropriate principles of production 
control. Thus, production control implements the concept of 
resilience within production systems (cf. Section 3.3). 
For ensuring a robust control of the production in the next 
step, it is essential to identify the cause-effect relationships for 
the individual operational targets in advance. Depending on 
the order penetration point, the prioritization of logistic 
objectives varies. In case of a make-to-stock production, 
mutual interests of high utilization and low stocks dominate. 
On the other hand, for make-to-order production, which is 
characterized by the customer orientation, the market-related 
demands for short lead times and high on-time delivery are in 
the direct focus. Therefore, a distinction between make-to-
order and make-to-stock production is drawn in the further 
considerations. With the help of the production planning and 
control, a positioning of the production in the tension of 
operational objectives is possible. 
A robust order processing in compliance with the logistic 
objectives therefore requires the mapping and analysis of all 
relevant processes and their interdependencies [13]. The 
efficiency of production is determined by a variety of factors. 
In this context, order generation and order release represent 
possibilities to influence the manufacturing system directly. In 
contrast, organization and availability of resources are two 
aspects that individual persons hardly can work on. These can 
be characterized as random and thus are not directly affected 
by the production control. The production resources include 
equipment, personnel and material. Regardless of the target 
that is considered, a lack of availability leads to a decline of 
the efficiency of production. In addition, a reduction in terms 
of availability even by disturbing environmental factors is 
possible. The organization provides a restrictive framework 
for the target variables, which exists before the 
implementation of production control. Predominantly, the 
workplace layout, the legal guidelines, the process principle 
of the production (operational organization) as well as the 
flow of information are determined as the most important 
factors. 
4.2. Functional map of production control tasks 
During a production process, variations and disturbances 
typically occur that complicate the control of production. Plan 
deviations appearing at different points of the production 
processes can be of various kinds and entail different 
consequences. In this context, robustness is measured in form 
of deviations as regards the four logistic objectives mentioned 
above. In order to protect against deviations, a high 
transparency in the planning and control processes is 
necessary. The functional map (Figure 4) represents such a 
tool depicting the individual tasks of production planning and 
control dependent on the hierarchy levels. The concatenating 
representation of the entire planning and controlling activities 
includes the appropriate dissemination of information. This 
tool depicts a self-contained and interactive structure. Thus, 
effects of a re-configuration are assessable. Thereby, the 
functional map allows for the determination of the causes of 
problems as regards occurring deviations or faults. In 
addition, this facilitates coping with such disturbances by 
adopting effective measures quickly. The feedback of the 
results obtained in terms of data is very important to initiate 
improvements in a timely manner. Moreover, it is crucial that 
an adequate communication between the hierarchical levels 
proceeds [14]. As a result, the functional map systematically 
reveals both potentials and capabilities regarding the ideal 
interaction of the tasks of production planning and control. 
Apart from such influencing factors (order generation and 
release), an analysis of the production systems by the means 
of the functional map additionally enables an identification of 
disturbances concerning organization and availability. 
Consequently, production control contributes to an adherence 
to the economic overhead. 
 
 
Fig. 4. Functional map of the tasks of production control. 
Regarding the determining of batch sizes, the batch size 
usually complies with the amount of corresponding 
production orders. A change in this initial state affects the 
temporal organization of production. On the one hand, 
splitting batches enables a simultaneous processing of a 
production order on different machines or workstations. On 
the other hand, overlap allows the transport of subsets of one 
batch to the next processing station without waiting for the 
completion of remaining partial quantities. Moreover, batches 
can be merged or separated at defined operations due to 
technical or organizational reasons (e.g. heat treatment). With 
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respect to resource allocation, a specific scope of action 
usually exists in terms of timing and quantities. In 
consideration of an allocation of production orders to 
particular resources, the utilization, the effort for setting-up, 
the length of processing time or the prompt availability of the 
resources are crucial factors. The sequencing follows certain 
priority rules generally. Without intervention, production 
orders would pass production processes on a first-in-first-out 
principle. However, a number of other rules for determining 
the sequence is possible. These are based in turn on the set-up 
time, the length of processing time, the planned completion 
date or other priorities set by management (e.g. importance of 
a customer). In general, the order release can be done 
immediately or regarding a certain date. The date of the 
release depends primarily on the availability of equipment and 
personnel capacities or backward scheduling starting from the 
desired delivery date of the customer. 
Moreover, measures of capacity adjustment in terms of 
time and intensity extend the scope of action. Apart from that, 
both an addition to capacity and a redesign of the temporal or 
spatial organization of the production processes are worth to 
be considered. Thus, structural changes of production systems 
complement appropriate strategies of configuration. 
4.3. Implementation of robust processes 
A robust configuration of manufacturing systems needs to 
meet several requirements. In this context, it is aimed at an 
accurate and controllable execution of tasks as regards fault 
prevention by anticipation (occurrence of errors) as well as 
reducing the effects of disturbances due to preparedness 
(coping with errors). Moreover, robustness implies various 
operational objectives. Hereby, the focus is on a comparable 
qualitative and quantitative yield of repetitive manufacturing 
processes in terms of a clear aim. This requires a precise 
definition of all operations and a reliable understanding of 
one´s role within the hierarchical structure of the 
manufacturing system (cf. Section 4.2). In addition, 
operational key figures should be insensitive to disturbances 
of the production based on robust processes. In this context, 
robustness of manufacturing systems is assessable by the 
degree of change in the achievement of objectives in terms of 
production-related indicators as a function of environmental 
factors [15]. This implies that the production program is 
fulfilled in spite of unforeseen variations. Thus, it is aimed at 
a reliable operation during the entire life cycle of the 
manufacturing system. 
Furthermore, a clear understanding of the course of 
processes within in the manufacturing system is imperative. 
Apart from the production control activities, all input-output-
relations of the execution of orders have to be considered. For 
that purpose, the functional map reduces the complexity of the 
entire production planning and control by a classification of 
individual tasks with respect to hierarchy levels. Thus, the 
effects of respective measures can be assessed easily. To 
realize insensitiveness to disturbances, potential fault causes 
has to be determined first. Subsequently, identification of 
potential effects of disturbances allows a definition of scope 
and manner of measures for each hierarchy level. 
At the backdrop of the implementation of robust processes, 
this contribution offers an approach managing all issues 
related to the identification and elimination of the effects of 
disturbances. In consideration of each operational objective, 
the following steps have to be passed: 
• Identification of influences on the manufacturing 
system, 
• Classification in disturbance variable and control 
variable, and 
• Prioritization as regards controllability as well as 
relevance. 
 
A cause and effect diagram supports the identification of 
influences. Hence, all potential influences are collected and 
well-structured in respect of a specific operational objective 
(e.g. lead time, capacity utilization, inventory, on-time 
delivery). Due to the interdependencies of management goals, 
the analysis in terms of influence on manufacturing systems 
has to be conducted for each objective separately. 
After collecting all influences, identified issues should 
undergo a classification. In consideration of the amount of 
influences, it is differentiated between control variables and 
disturbance variable (see Table 1). The crucial difference is 
the potential exertion of influence. Disturbance variables 
represent external or environmental aspects. In contrast, some 
issues can be controlled within a manufacturing system. 
Lastly, every detected influence is assessed as regards 
controllability and relevance. The first dimension represents 
the differentiation between control and disturbance variable. 
The relevance aspect is an indicator for the effects of 
corresponding influences. It is assumed that the total time an 
influence factor impedes manufacturing processes represents 
an adequate key figure for relevance. Prioritizing influences 
enables operational users to take the ideal measures first. With 
respect to different hierarchy levels, the individual scope of 
action is crucial in this regard. 
 
 Tab. 1. Classification of influences. 
 
4.4. Beyond robust manufacturing systems 
In consideration of organizationally robust processes, a 
limitation of the scope of action and the degree of freedom of 
the individual departments and process owners is required 
regarding sequence and priority of individual orders. This 
affects consequently the departmental job control in terms of 
self-organization and self-optimization [16]. Thus, if the 
robustness is no longer sufficient, the properties in terms of 
agility of the system are required. Moreover, an establishment 
control variable disturbance variable
internal - capacity
- utilization
- inventory
- malfunction of production
facilities
- defects in workmanship
- uncertainties of planning (e.g. 
estimation of process time)
external - market pressure
- delivery times of
supplier
- changes in customer demand
- insufficient material availibility
due to supply shortage
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of a defined corridor of flexibility is necessary (see Focused 
Flexibility by [17]). In this context, various aspects of 
changeability, such as convertibility, re-configurability, 
flexibility, adaptability and agility [18], come into 
consideration. 
In this context, the question arises: to what extent it is 
possible to infer from the structural point of view of 
production systems to necessarily organizational aspects. 
Furthermore, the focus is on recognizing the need for changes 
of production systems in terms of structure (elements and 
resources) or organization (organizational structure and 
operational organization) and answering the question of what 
changes are needed within the structure of production systems 
(type, extent and characteristics). Against this background, 
figures and scope of actions are subsequently determined 
pertaining to the different areas and elements of the structure 
of production systems. 
5. Implementation within the steel processing industry 
The introduced approach has been developed in several 
projects in the steel processing industry. An example of the 
reduction of lead times and disturbances of the production 
process as regards rework in a batch producing enterprise 
shall be explained. The company had problems with a 
fluctuating amount of rework and thus with varying lead 
times. The analysis of the order processing by the means of 
the functional map revealed a variety of individual choices of 
the workers concerning the sequencing and the transfer of 
batches. In order to stabilize the production process in terms 
of the first-in-first-out principle, precise states of delivery 
were defined for every operation. This enables the quick 
identification of errors which otherwise result in rework and 
thus disturbances. Therefore, quality attributes consequently 
were assessed where they emerged. 
Extensive cause and effect considerations were conducted 
identifying main reasons for faults. As a result, rework rate 
decreased significantly. The amount of work declines by 40% 
to 126 minutes. Moreover, the production process was 
stabilized due to the definition of clear delivery states and the 
elimination of causes for disturbances. In this context, the 
freedom of choice regarding sequencing and transfer release 
was limited considerably. Permutations as regards order 
sequence were prevented. Transparency generated by the 
functional map facilitates the control of the individual tasks 
and reduces the complexity of the entire production planning 
and control for each hierarchy level. An interdisciplinary team 
was established in this regard to gain from the worker´s 
experience and knowledge and to foster the acceptance of the 
new processes. The functional map serves to analyze the 
current configuration of production planning and control as 
regards its individual tasks. Thus, a re-configuration of tasks 
and their default variables is possible. 
6. Conclusion 
In summary, this paper introduces an approach that 
combines socio-technical aspects and deterministic 
interactions of the tasks of production planning and control. 
Due to the fact that several operators are unable to cope with 
complex control principles, their involvement is imperative in 
order to estimate the effects of the freedom of choice as 
regards the individual tasks of production control. By the 
means of the deduced functional map, an analysis of key 
levers and variables influencing production systems is 
possible. Based on the hierarchical pattern possibilities of 
intervention are drawn systematically, so that operational 
users will be in a position to act independently within 
coordinated control loops. In particular, this concerns the 
decision to an exact specification of control parameters. 
Management taking into account the company’s goals 
determines the control limits only. 
Production control executed by operational users enables 
an adaptive balancing between robustness and agility and thus 
represents the implementation of the concept of resilience 
within production systems. The application of this approach 
within several use cases shows its reliability. The results of 
significantly decreased lead times as well as an enhanced 
stability of production processes confirm its validity. 
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